disability). The main outcome measurement was the Tampa Scale of kinesiophobia (TSK-11). The secondary outcome measurements were the Visual Analogue Scale (VAS), PPT (trapezius and tibialis anterior), CROM (flexion, extension, rotation, and lateral inclination) and pain duration.
INTRODUCTION
Neck pain is a very common condition in clinical practice.
1-5 Recently, the International Neck Pain Task Force reported the impact of neck pain in social-related problems for families, work, health systems, and economies.
1- 3 The prevalence of neck pain ranges between 30% and 50% in the general population of developed countries 3, 4 and is more prevalent in women than men.
1, 5 In 2010, 33.6 million people were affected worldwide, and neck pain was the 4th most frequent disability, with over 291 conditions studied. 5 The most common form of neck pain is non-specific chronic pain, which has a postural or mechanical basis and affects about two-thirds of people at some stage in their lives.
6,7
Previous studies have shown an association between neck disability and chronic neck pain.
8- 10 In addition, physical factors, such as active range of movement (ROM), and psychological factors, such as fear of movement, anxiety, or depression, are also associated with chronic neck pain.
8- 10 To explain the relationship of neck pain with these factors, a "fear-avoidance model" may be used when the patient demonstrates avoidance-hypervigilance, which triggers a vicious cycle in which the patient is affected both physically and psychologically, leading to deconditioning.
8,10-12 Fear of motion may be correlated with neck kinematics, such as ROM or velocity. Also, The neck disability level may be partly related to ROM. 9 Furthermore, the pressure pain thresholds (PPT) of muscles, such as upper trapezius and tibialis anterior, have been widely used in order to evaluate local tenderness and central sensitization associated to chronic neck pain. 13 Currently, no observational studies exist on non-specific chronic neck pain with different levels of disability, according to the neck disability index (NDI).
14,15
the Neck Disability Index (NDI The NDI is a clinical screening tool established for pathology-related neck pain. 16 The NDI has sufficient support in the literature and is the most commonly used self-report measure for neck pain. 17 There is a lack of observational studies that make it more difficult to classify this type of patient, 18 and classification could lead to a better therapeutic approach in the choice of treatment.
Therefore, the main aim of this study was to determine the kinesiophobia, active cervical range of movement (CROM), and PPT differences between different disability levels (mild, moderate, and severe) in subjects with non-specific chronic neck pain and asymptomatic subjects. Indeed, the pain intensity and chronicity influence were only established regarding NDI levels in patients with neck pain. As a secondary purpose, the association between these physical and psychological variables was analyzed in patients with non-specific chronic neck pain.
METHODS

Study design
A descriptive cross-sectional study was performed to assess differences in various physical and psychological outcomes of subjects with different levels of neck disability and asymptomatic subjects. The investigation was conducted according to the STROBE statement from November 2014 to November 2016,
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which hampers the assessment of its strengths and weaknesses and of a study's generalisability. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE Before beginning the study, all participants were asked to read and sign an informed consent. Previously, the Ethics Committee for Clinical Research of the Hospital Universitario La Paz, Madrid, Spain (Registration number: PI-1241) approved the study.
Setting, evaluators and blinding
Subjects with chronic neck pain were recruited by referral from the primary health care center of Coslada (Madrid, Spain) and from an outpatient department of University Hospital La Paz (Madrid, Spain).
Two physiotherapists with over 5 years of experience in orthopedic manual therapy carried out the outcome measurement. A one-hour-long training session was scheduled to review how to perform measurement of the CROM and PPT protocols in the current study. In addition, they were responsible for collecting all outcome data without being aware of the subject's group, resulting in a single-blinded study.
Sample
A total sample of 128 subjects, 96 patients and 32 asymptomatic subjects, was recruited for the study. These subjects were classified by the NDI, 20 obtaining a final sample of 96 patients, divided into 3 disability groups: 32 patients (25 females, 7 males; mean ± SD age, 40.88 ± 11.31) with mild disability (MIL; NDI 5-14 scores), 32 patients (28 females, 4 males; 44 ± 14.64) with moderate disability (MOD; NDI 15-24 scores) and 32 patients (27 females, 5 males; 42,66 ± 11.90) with severe disability (SEV; NDI 25-34 scores). The symptomatic subjects were selected upon fulfilling the following inclusion criteria: aged between 18 and 65 years; proper understanding, writing, and speaking ability of the Spanish language; experienced neck pain for at least 12 weeks and complained of pain localized in the neck region. Patients were not considered if they reported any of the following conditions: neck pain associated with whiplash injuries, a reported red flag medical history (tumor, fracture, metabolic diseases, rheumatoid arthritis, osteoporosis), neck pain with cervical radiculopathy, neck pain associated with externalized cervical disc herniation, fibromyalgia syndrome (checked by a physician against the criteria established by the American College of Rheumatology), 21 previous neck surgery, neck pain accompanied by vertigo caused by vertebrobasilar insufficiency, or neck pain accompanied by non-cervicogenic headaches. People were also not considered if they were undergoing any type of pain treatment, or had received physical therapy in the previous 3 months.
8,13
The control group consisted of 25 females and 7 males (mean ± SD age, 43.38 ± 10.67) recruited from family, friends, and the same environment as the patients' primary health center. The approach for this group was to ask the relatives of the patients if they wanted to participate in the study. All subjects of this group presented an age range between 18-65 years and were excluded if they had a history of cervical, upper limb, orofacial, or upper thoracic pain in the previous 12 months.
Outcome measurements
The main outcome measurement was the Tampa Scale of kinesiophobia (TSK-11). The secondary outcome measurements were the Visual Analogue Scale (VAS), PPT (trapezius and tibialis anterior), CROM (flexion, extension, rotation, and lateral inclination) and pain duration (months). The TSK-11, PPT, and CROM were assessed in patients and asymptomatic subjects. Nevertheless, VAS and pain duration were only measured in patients with non-specific chronic neck pain.
Self-report measures
Neck Disability Index (NDI): The NDI is a well-validated 10-item questionnaire, with each item rated on a 0 to 5-point scale. The sum of the 10 items gives a score between 0-50.
14 According to Vernon's NDI sub-classification, 14,15 this scale divides the sample into 5 groups of disability: scores of <4 indicate no disability, 5-14 mild disability, 15-24 moderate disability, 25-34 severe disability, and >35 complete disability. In the current study, the complete disability group was not taken into account due to the lack of sample in clinical practice. The NDI has sufficient support in the literature as the most commonly used instrument for reporting neck pain; 14,17 a Spanish validation of the index was used.
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Visual Analogue Scale (VAS): Pain intensity was measured via the VAS. A 100-mm horizontal line with pain descriptors marked "no pain" at the left side and "the worst pain imaginable" at the right side was used to measure pain intensity. Patients were asked to indicate their pain intensity at the time by marking the VAS with a perpendicular line. The VAS is a reliable and valid measurement of pain.
22,23
Tampa Scale of Kinesiophobia (TSK): To evaluate the participants' pain-related fear of movement and (re)injury, a Spanish-validated Tampa Scale of Kinesiophobia (TSK) was used.
24 a Spanish version of the TSK has not been available, up to now. Thus, the aim of this study was to validate the Spanish version of the TSK in 2 different pain samples: A\u00a0hetero-geneous chronic pain sample (n = 125 We used an 11-item version of it that has shown good psychometric reliability for chronic pain. 25 Each item is scored on a 4-point Likert scale, ranging from "strongly agree" to "strongly disagree." Total scores range from 11 to 44, with higher scores indicating more fear of movement and/or (re)injury.
Physical measures Cervical range of movement (CROM):
Active ROMs of the cervical spine was evaluated using the CROM, which consists of 3 inclinometers attached to a lightweight plastic frame secured with fastening straps. The protocol used was a sequence of 3 measurements, with an interval of 30 seconds between each measurement. The CROM has shown good intra-rater reliability for subjects with and without neck pain (ICC = 0.87 to 0.94 in asymptomatic subjects and ICC = 0.88 to 0.96 in neck pain subjects). 26 The following movements were measured by the CROM device ( Figure 1 ): flexion and extension, right and left lateral flexion, and right and left rotation.
Pressure pain threshold (PPT):
A digital algometer (FDX 25, Wagner Instruments, Greenwich, CT, USA), comprised of a rubber head (1 cm 2 ) attached to a pres-sure gauge, was used to measure the PPT, which is defined as the amount of pressure at which the sense of pressure first changes to pain. 27 fibrositis, myalgic spots, activity of arthritis as well as assessment of sensitivity to pain can be diagnosed by PTM. This study therefore established standards for pressure threshold as well as the reproducibility and validity of measurement in 24 male and 26 female normal volunteers at 9 sites. Muscles frequently afflicted by trigger points were examined. The deltoid was chosen as a reference since it is rarely a site for trigger points. Comparison of corresponding muscles on opposite sides failed to demonstrate significant differences (except for 1 muscle in females The force was measured in kilograms (kg); therefore, thresholds were expressed in kg/cm 2 . The protocol used 28 At a rate of 5 Newtons (N) PPT was assessed over the right upper trapezius muscle (midway between C7 and acromion; Figure 2A ) and the right tibialis anterior muscle (upper one-third of the belly muscle; Figure 2B ). The upper trapezius muscle was chosen as the most common site of idiopathic neck pain, and the tibialis anterior was chosen as a remote distant site.
Procedure
The data collection was performed in a room in which only the assessor and patient were present. First, the measurement protocol was explained to the subject, then the informed consent was signed by the subject. Next, the questionnaires were filled out, and the patients' CROM and PTT measured, always in the same order. This study was conducted just before patients began treatment in their respective physiotherapy service. The asymptomatic subjects were healthy participants who accompanied the patients.
Sample size calculation
The sample size and power calculations were performed with appropriate software (G*Power 3.1).
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To obtain 95% statistical power (1-β error probability) with an α error level probability of 0.05, a one-way fixed-effects analysis of variance (ANOVA) model and a large effect-size of 0.4 were used, generated for 4 groups and a total sample size of at least 112 participants (28 participants per group).
Statistical methods
Data were analyzed using the Statistical Package for the Social Sciences (SPSS version 20.0; SPSS, Inc, Chicago, IL). Results are expressed as mean, standard deviation (SD), considering the 95% CI. The Z-score was assumed for all variables to follow a normal distribution based on the central limit theorem, 30,31 with 95% confidence intervals, and compute cost-effectiveness acceptability curves and confidence ellipses. Two alternative non-parametric methods for estimating INB are to apply the central limit theorem (CLT Differences in demographic and clinical features between all groups were compared using ANOVA for continuous data and the X 2 test of independence for categorical data. Quantitative data (i.e., VAS TSK-11, pain duration, CROM, and PPT) were analyzed with parametric tests. One-way ANOVA with post hoc Bonferroni correction was used to analyze the outcome differences. TSK-11, PPT and CROM were compared between patients with different NDI level (MIL, MOD and SEV) and asymptomatic subjects. However, VAS and pain duration were only analyzed between these disability levels in patients with non-specific chronic neck pain. Pearson's correlations were calculated separately for MIL, MOD and SEV groups and were also calculated for subjects with NDI scores between 5-34 (total sample with disability). The values of r for moderate or high correlation were considered between 0.50-0.70 and 0.70-0.90, respectively. 32 For all analyses, statistical significance was set at P < 0.05.
RESULTS
A total of 142 subjects were screened, out of which 128 (90.1%) were eligible and agreed to participate in the study. The mean age of all subjects was 42.67 ± 12.01 years, and 82.03% were female. There were no significant differences (P > 0.05) between groups in age (F = 0.379), gender (F = 0.467), height (F = 1.226), or weight (F = 1.797). All demographic data for each group are shown in Table 1 .
Outcome measurements
The ANOVA results revealed a significant effect for the group factor [NDI (F = 278.198; P < 0.001); VAS (F = 24.61; P < 0.001); TSK-11 (F = 17.55; P < 0.001); Pain Du-FIGURE 3. Box-plot to illustrate the TSK-11 differences between patients with different NDI level (mild, moderate and severe) and asymptomatic subjects. Abbreviations: NDI, neck disability index; TSK, Tampa Scale of Kinesiophobia. † P < 0.01 The rest of comparisons between groups did not show any statistically significant difference (P > 0.05). Abbreviations: CI, confidence interval; N/A, not applicable; PPT, pressure pain threshold; SD, standard deviation; TSK, Tampa Scale of kinesiophobia; VAS, Visual Analogue Scale. * P < 0.05. † P < 0.01 ration (F = 22.85; P < 0.001); Trapezius-PPT (F = 32.65; P < 0.001); Tibialis-PPT (F = 8.67; P < 0.001); Flexion (F = 16.85; P < 0.001); Extension (F =11.55; P < 0.001); Lateral flexion's (F = 13.55; P < 0.001); Rotations (F = 16.85; P < 0.001)]. In the comparisons between groups for the VAS, the differences between the MIL-SEV (P < 0.01) and MOD-SEV (P < 0.01) disability groups were statistically significant but not between MIL-MOD (P > 0.05). For the TSK, there were no statistically significant differences between these groups (P > 0.05). Figure 3 shows the box-plots to illustrate the TSK-11 differences between patients with different NDI level and asymptomatic subjects. Table 2 shows the values as the mean ± SD of each group and the means differences (95% CI) between them.
Correlations
The results for Pearson's correlations coefficients among the psychological and physical measures in each disability group are shown in Table 3 . A mod- erate correlation was observed between TSK and Rotation (r= -0.569) in the MOD group. Considering the subjects with NDI scores between 5-34 (total sample with disability), a moderate correlation was observed between NDI and VAS (r= 0.566), as well as between NDI and Trapezius-PPT (r= -0.559).
DISCUSSION
This is the first study to show the differences between the psychological and physical variables according to different degrees of cervical disability using the NDI sub-classification described by Vernon
14,15
the Neck Disability Index (NDI in 1991. The number of studies on this topic proved to be very small. No studies were found on non-specific neck pain. On the other hand, the authors found a classification model for whiplash using Vernon's NDI (1996) but used another form of classification.
33,34
For the VAS, differences between MIL-MOD were not statistically significant, but differences between the MIL-SEV and MOD-SEV were significant. Due to the lack of studies that use levels of disability as a means of classification, the authors compared their mean ± SD VAS scores for the MIL-MOD disability level to those in the literature, and VAS levels were very similar.
9, 35 The SEV group had similar VAS levels to that of chronic whiplash patients. In the same article, MIL-MOD had different VAS scores, but this could be because the sample was comprised of recovering whiplash patients. 36 Emshoff et al. 37 reported that, for chronic pain, the cutoff for minimal detectable change for VAS was 11.5 -28.5 mm, indicating that there are clinical differences between the MIL-SEV and MOD-SEV disability groups, but not between the MIL-MOD groups. According to Collins et al.
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, a VAS above 54 mm is considered severe, and over 30 mm moderate, indicating that the SEV group (69.34 mm) was different than MIL (50 mm) and MOD (53.78mm).
The kinesiophobia levels were higher in patients with disability in comparison to those without it, but there were no differences between groups with different levels of disability. Overall, the kinesiophobia levels were moderate, in agreement with a recent study in which the authors found a moderate (r = 0.46) correlation between TSK and NDI in patients with chronic neck pain; however, they included traumatic and non-traumatic neck pain disorders.
9
In our results, TSK outcomes were between 25.25 ± 7.03 and 29.59 ±7.03 in all the patients with disability, and there were no statistically significant differences between the groups with different levels of disability. Our outcomes did not reach the kinesiophobia levels reported by Sarig Bahat et al. 9 (35.74 ± 5.71), possibly because they evaluated patients with different neck pain, such as traumatic neck pain or non-specific acute neck pain, and used a larger version of the TSK (17-items). Saavedra-Hernández et al. reported similar levels of kinesiophobia to our study (25.4 ±6.5) , but in patients with moderate disability.
8
Regarding the PPT results, there were no statistically significant differences in the trapezius for MIL and MOD, but differences were statistically significant between the MIL-SEV and MOD-SEV groups. In addition, all groups had differences compared to the non-disabled group. For the right tibial anterior, differences were only found between the MIL-SEV and SEV-Control groups. These results are in agreement with La Touche et al. 39 , who compared groups with moderate disability versus no disability subjects and had very similar PPT values in the trapezius and anterior tibial muscles and conclusions similar to ours. 39 Furthermore, PPT differences ranging from 123 kPa to 200 kPa (1.2-2 kg) are considered minimal detectable change differences 28,40-42 at two points on the trapezius muscles on each side and at the sternum as the only non-muscular site. The intratester repeatability of the PPT measurements was satisfactory or good (Intraclass correlation coefficient (ICC 0.78-0.93 Therefore, it can be suggested that, for trapezius-PPT, there are real differences between the SEV-MIL (1.37 kg/cm 2 ) and SEV-no disability (2.42 kg/cm 2 ) groups, but not between the SEV-MOD (0.84 kg/cm 2 ) or MOD-MIL (0.53 kg/cm 2 ) ones. This suggestion could be related to mechanical hyperalgesia.
In relation with ROMs, disability groups had significant differences with respect to the non-disabled group, which coincides with previous studies.
9,16,26,43
In addition, the SEV group has more differences from the other disability groups, especially in rotation movements. Sarig Bahat et al. 9 demonstrated that decreased CROM correlates with more kinesiophobia, more pain intensity, and a higher level of disability. This could explain our results, in which a higher level of disability obtained minor ROMs. Furthermore, the relationship between kinematics and fear of motion suggests that psychological fear may affect cervical motion control. NDI and other questionnaires, whiplash and NDI and cervical range of motion and NDI. The NDI was shown to be a well validated and reliable self-reported questionnaire, especially when compared to other questionnaires, in both neck pain and whiplash (WAD This also justifies our results, in which all disability groups presented kinesiophobia and reduced ROMs.
Study limitations
This study has several limitations. First, the complete disability group (NDI between 35-50) 15 especially those involving the soft tissues, represent a significant source of chronic disability. Methods of assessment for such disability, especially those targeted at activities of daily living which are most affected by neck pain, are few in number. A modification of the Oswestry Low Back Pain Index was conducted producing a 10-item scaled questionnaire entitled the Neck Disability Index (NDI was not accounted for due to the lack of sample in clinical practice; this type of subject usually has polytrauma or accidents, and the access necessary to take certain measurements is limited. Second, because of the involvement of the psychological factor in chronic pain, we only measured kinesiophobia, but we should account for the measurement of depression, anxiety, and catastrophizing to observe if there are differences in different levels of neck disability. Third, the authors did not evaluate the reliability of the ROM and PPT measures, and this kind of clinical measure could be influenced by the skills of the rater. Another limitation is that this research was a cross-sectional study; hence, its results should be considered with caution because we do not know the outcomes of these patients over time. Thus, future studies should consider a longitudinal design and the implementation of linear regression analysis to establish a causal relationship per disability group.
Interpretation
Our findings suggest that there are differences between the different types of disability, which may have implications in both clinical practice and research. Having the NDI tool to classify disability in nonspecific neck pain will increase awareness of their differences and can be the key to selecting the best intervention for each patient. In research, nonspecific neck pain randomized controlled trials (RCT) are almost nonexistent when it comes to samples exclusively composed of severely disabled patients; most have a mild to moderate disability level.
Prospective and future studies Future research could present different types of specific treatments for different levels of disability, but RCTs exclusive for patients with severe neck disability are needed, for they are not found in the current literature. According to this, pain education pro-grams combined with multimodal treatments were shown to be beneficial for patients with chronic neck pain, 44 nevertheless the neck disability level should be related to the clinical course and treatment effectiveness.
CONCLUSIONS
Kinesiophobia may not be influenced by disability level in patients with chronic non-specific neck pain.
Nevertheless, pain intensity and chronicity of patients with severe neck disability are increased with respect to mild and moderate disability indexes. In addition, patients with more disability showed higher local hyperalgesia, although differences in widespread hyperalgesia were only found when mild and severe disabilities were compared. Finally, the severe disability group showed more differences in ROM than the rest of the subgroups, especially in rotation movements. 
